Functional traits associated with drought resistance can be useful for predicting tree responses to a drying climate. Yet drought resistance is likely achieved through a complex combination of constitutive traits (traits expressed even in benign environments) and plastic traits (traits expressed only in response to drought). Because few studies measure multiple traits for multiple species under both well-watered and drought conditions, we often struggle to identify suites of constitutive and plastic traits indicative of drought resistance strategies. Using a greenhouse experiment, we examined nine drought resistance traits (six morphological/ allocation traits plus assimilation, stomatal conductance and water-use efficiency) in well-watered and water-stressed seedlings of four Brachychiton (Malvaceae Juss.) species with ranges spanning a strong aridity gradient in east-central Australia. In benign conditions, constitutive biomass allocation was consistent with expectations, with xeric species investing more heavily in roots and stem tissue and less in leaf tissue than mesic species (P = 0.004). Under drought conditions, xeric species decreased relative biomass allocation below-ground while mesic species increased relative below-ground allocation (treatment × species interaction P = 0.0015). Relative water content of the stems was slightly higher in xeric species (P = 0.055), and remained stable during drought while decreasing in mesic species (treatment × species P = 0.001). Specific leaf area (SLA) and leaf dry matter content (LDMC) did not fit with expectations under either benign or water-limited conditions. Moreover, stomatal conductance and carbon assimilation were unexpectedly highest and intrinsic water-use efficiency (WUE i ) lowest in the xeric species in benign conditions. Only under drought did the xeric species manifest higher WUE i than the mesic species (treatment × species P < 0.0001). We found that even closely related species exhibited diverse combinations of drought resistance traits. Notably, traits commonly used as proxies for drought tolerance (e.g., SLA, LDMC, well-watered WUE i ) performed more poorly than constitutive allocation traits. This study highlights the need to consider multiple traits and phenotypic plasticity when assessing species' drought resistance for forest management in the face of climate change.
Introduction
Elevated global mean temperatures due to anthropogenic climate change are predicted to prolong dry seasons and increase the frequency and intensity of drought events in many regions (IPCC 2014) , potentially increasing drought stress in both mesic and xeric ecosystems (Allen et al. 2010 , Bennett et al. 2015 . Recent intense drought events have caused widespread tree mortality in forests around the world (Allen et al. 2010) , highlighting the ecological and economic ramifications of increasing drought stress. Such extreme climatic events can have long-term impacts on forest composition and productivity (Hopper and Gioia 2004, Anderegg et al. 2013) , and are expected to become more frequent over the next century with anthropogenic climate change. As such, understanding how a drier climate will shape future plant communities requires a comprehensive understanding of the various drought resistance strategies that plants employ, and how these strategies are achieved through coordination between various plant traits.
Coping with drier environments likely demands drought resistance strategies that manifest in multiple functional traits, including fortified leaf and epidermal tissues (Mitchell et al. 2008) , reduced leaf area (Zweiniecki and Boyce 2004) , enhanced stomatal control (Klein 2014) , safer or more efficient xylem (Maherali et al. 2004 , Manzoni et al. 2013 , increased tissue water capacitance (Barnard et al. 2011) and/or deeper root systems (Kaufmann 1981 , Mansfield and Davies 1981 , Jackson et al. 1996 , Alvarado-Vazquez et al. 2008 . While these traits improve survival during drought, they are often energetically costly to maintain, making them disadvantageous when conditions are benign Poorter 1992, Brenes-Arguedas et al. 2009 ). Thus, the energetic investment required for improved drought resistance imposes trade-offs with growth and competitive ability, conferring each species an advantage only within a limited range of conditions, thereby driving niche differentiation (Levitt 1980a) . As a result, tree species vary in their ability to cope with water stress, and determining how each species will fare in a drying climate may be critical for purposes such as selecting reforestation tree species/populations (Gray and Hamann 2011) or identifying vulnerable plant populations (Pacifici et al. 2015) .
Accurately assessing the relative drought resistance of different tree species remains challenging in part because there are so many potential traits involved whose coordinated effects determine resistance strategies, and in part because drought resistance can be accomplished via both constitutive traits (i.e., drought resistance phenotypes expressed even in benign environments) as well as through plastic phenotypic change. Many species are capable of mutable or plastic drought resistance mechanisms that may offer resistance to range shifts or extirpation (Chambel et al. 2005 , Richter et al. 2011 , Chevin et al. 2012 . For example, trees can respond to drought physiologically by closing their stomata to reduce transpiration water-loss and increasing water-use efficiency, resuming regular stomatal activity when harsh conditions subside (Chaves et al. 2003 , Caruso et al. 2006 ). If drought is prolonged, some species exhibit morphological or allometric changes, by investing in tougher leaves with reduced specific leaf area (SLA) (Mitchell et al. 2008) , increasing root growth to improve water acquisition (Brouwer 1963, Markesteijn and Poorter 2009) , or even modifying their xylem anatomy (Alpert and Simms 2002) . Such plastic or latent responses may allow species to mitigate or exploit variations in climate through time (periodic rainfall events, e.g., Chaves 2002) or occupy a wider climate space (Benito-Garzón et al. 2011) , and could be critical to understanding species responses to climate change (Chevin et al. 2010 , 2012 , Nicotra et al. 2010 , Richter et al. 2011 . Nevertheless, the extent to which trees can modify their physiological and phenological traits to suit prevailing conditions is subject to physiological and genetic constraints that vary among species (Engelbrecht and Kursar 2003 , Engelbrecht et al. 2007 , Haugen et al. 2008 , and some drought-tolerant traits are canalized or fixed, at least in some taxa (Anderegg 2014 , Palacio-López et al. 2015 . Moreover, the response times of various plastic traits to environmental stimuli vary from minutes (e.g., stomatal closure) to years (e.g., xylem anatomy altered), and therefore have variable fitness benefits and costs in different environments (Alpert and Simms 2002) . Plasticity, the mutability of a trait in response to a given environmental stimulus, can be heritable and under direct evolutionary selection (Nicotra et al. 2010) . Thus, it is often useful to conceptualize the extent of genetic and/or environmental control on a trait via a genotype-by-environment (G × E) framework often used in common-garden experiments. This framework can be used to explore constitutive (i.e., genetically or G controlled) drought resistance traits, plastic (environmentally or E controlled) traits and adaptively plastic traits (controlled by gene-by-environment or G × E interactions). For the sake of this study, distinct 'genotypes' are represented by congeneric species inhabiting different parts of an aridity gradient, here quantified by the mean Climate Moisture Deficit (CMD, annual potential evapotranspiration minus annual precipitation) of each species' geographic distribution, and 'environment' is represented by an experimental drought treatment (Figure 1 ). While this framework is primarily applied across genotypes, populations or cultivars of the same species, it is by no means limited by the species concept (Fritz 1999) and should prove equally powerful at slightly larger Figure 1 . Conceptual representation of various outcomes and their meanings within a genotype-by-environmental experimental framework (G × E) for a trait where lower trait values confer greater drought resistance (here genotypes are represented by congeneric species). (a) When a trait is predominately genetically controlled (G) that trait is designated constitutive-more drought resistant species (species that grow at higher CMDs, higher x-axis values) will always manifest lower values of this trait. (b) When a trait is consistently controlled by environmental stimuli (E) and this plasticity (shown as arrows between the black Control line and the gray Drought line) does not differ between species. (c) When a trait is adaptively plastic and is both genetically and environmentally controlled (G × E) there may be increased plasticity in more drought-resistant (higher CMD) species that only display higher trait values when drought is present. (d) When a trait shows a combination of constitutive, plastic and adaptively plastic responses
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In addition to the variable drought response strategies among tree species, integrated trait syndromes further complicate our understanding of tree responses to the stress of global environmental change (Carnicer et al. 2013, Anderegg and HilleRisLambers 2015) . Using large cross-species analyses, many studies have highlighted the value of single traits in predicting drought resistance (e.g., stem or leaf hydraulic vulnerability, Maherali et al. 2004 , Blackman et al. 2010 ). However, individual plant traits do not exist in isolation, but are instead an integrated part of a plant's closely coupled carbon and water economy (Sperry 2000 , Sperry et al. 2002 . Plants can adopt multiple, contrasting strategies for dealing with water stress, such as avoiding drought by limiting water use (through stomatal closure or leaf shedding) vs tolerating drought by growing more robust tissues that can maintain physiological function at more negative plant water potentials (Larcher et al. 1973 , Levitt 1980a , Anderegg and HilleRisLambers 2015 , each requiring a combination of functional traits. This multivariate nature of drought resistance makes the determination of drought resistance via one or a small number of traits difficult without first understanding the drought response strategies employed by the species of interest. Because these strategies may be achieved through both constitutive traits that increase drought resistance and plastic trait changes in response to drought stress, a combination of multiple traits measured in varying environmental conditions is necessary to illuminate drought resistance strategies.
To address these issues, we investigate drought resistance strategies by examining multiple traits in four Brachychiton (Malvaceae Juss.) species found in east-central Australia under both ambient and drought conditions (to differentiate between constitutive and plastic approaches for increasing drought resistance). Our focal species include two mesic species (Brachychiton acerifolius Cunn ex Don and Brachychiton discolor Muell), and two xeric species (Brachychiton populneus Schott & Endl. and Brachychiton rupestris Mitch ex Lindl). The native ranges of all four focal species have experienced some of the highest above-average temperatures and lowest rainfalls on record for this region of Australia in the past decade (BOM 2015) , and water stress experienced by trees here will likely increase dramatically in the current century (Bawa and Markham 1995, Hulme and Viner 1998) . The mature trees of several Brachychiton species (including B. populneus and B. rupestris) are at least partially pachycaul plants that have thick and stout trunks used for water storage during droughts (Chattaway 1932 , Guymer 1988 , Wickens and Lowe 2008 . Some, but not all, African pachycaul trees grow drought-avoidant storage tissues even as seedlings (Wickens and Lowe 2008) , though almost nothing is known about how the seedlings of the genus Brachychiton respond to and survive droughts that can last for a decade or more in eastcentral Australia. Because juvenile trees are often more climate sensitive than adults (Jackson et al. 2009 , Niinemets 2010 , population persistence of the study species under climate change may depend on recruitment success. Thus, we conducted drought-stress experiments on seedlings to quantify their drought resistance strategies.
Based on previous multi-species trait studies and ecophysiological theory, we established a number of hypotheses about how constitutive traits (or G-controlled traits) should differ between mesic and xeric species and how drought stress should affect trait values (E control on traits) ( Table 1 ). The Optimal Partitioning Theory posits that plants respond to heterogeneity in the environment by partitioning resources across organs to optimize the capture of nutrients, light, water and CO 2 to allow for maximum growth (Bloom et al. 1985 , Hirose 1987 , Levin et al. 1989 , Dewar 1993 , Wright and Westoby 1999 . The functional equilibrium hypothesis states that under a particular mode of stress, plants will maximize their surface area for intake of the most limiting resource (Brouwer 1963, Markesteijn and Poorter 2009) . We therefore measured nine morphological/allocation and leaf gas exchange traits in well-watered and drought stress conditions to test whether constitutive trait patterns and trait responses to drought across species follow simple predictions from these theories. Confirmation of these individual trait hypotheses would suggest that closely related species employ consistent drought resistance traits, and that drought resistance can be assessed through a subset of drought-related traits. Across-species trait patterns contrary to these hypotheses indicate the presence of complex drought response strategies even in closely related species and/or critical differences between constitutive and plastic drought resistance traits.
Materials and methods

Study species
The genus Brachychiton (family Malvaceae) is composed of 31 described species, with all but two being Australian endemics (Guymer 1988) . Brachychiton species have adapted to a range of climates across Australia, from tropical rainforests to semi-arid scrublands (AVH 2017). We selected four focal species for this study; B. acerifolius, B. discolor, B. populneus and B. rupestris. Adult distributions of the focal species show varying degrees of overlap across climate and geographic space (Figure 2) . However, B. acerifolius and B. discolor (henceforth 'mesic species') typically occur in wet rainforests along Australia's eastern coast, whereas B. populneus and B. rupestris ('xeric species') occur over a wider precipitation gradient extending into Australia's semi-arid interior and are rare in areas of very high rainfall (AVH 2017).
We determined a hierarchy of drought resistance among the four focal species based on their realized hydrological niches. Starting with species occurrence records from Australia's Virtual Herbarium (AVH 2017), we calculated the mean CMD for each species using gridded climate data obtained from WorldClim Table 1 . Traits used to investigate drought resistance within this study, along with predictions of the trait values that we would expect to see in drought resistant Brachychiton species (based on adult distribution, the order from least to most drought resistant, i.e., low CMD to high CMD would be Brachychiton acerifolius, Brachychiton discolor, Brachychiton populneus and Brachychiton rupestris). Diagrams show expected results if the trait is expressed constitutively and follows predictions (black Control line), and all species show plasticity in the trait to manifest more drought resistance in the drought treatment (gray Drought line, arrow shows plasticity) and this plasticity is adaptive (i.e., xeric species show greater plasticity thatn mesic species). In the G × E framework, the black Control line shows predictions if the trait is genetically controlled (G), and the gray line shows predictions if the trait is genetically and environmentally controlled with a G × E interaction (G + E + G × E). Note: for relative water content (RWC) predictions differ from other traits because plasticity is expected to represent dessication rather than increased drought resistance.
Trait
Description Expected results
Morphological
Above-to below-ground biomass
The ratio of stem + leaf biomass to root biomass indicates relative investment in water acquisition, lower values indicating more investment in water acquisition
Based on Optimal Partitioning Theory and the functional equilibrium hypotheses, we expect that drought-tolerant plants allocate more biomass to roots and transport tissues rather than leaves to allow for greater water uptake and increased hydraulic efficiency. Therefore, we would expect drought-tolerant plants to display lower above-to below-ground biomass, RSLA and LDMC is representative of the average density of leaf tissues and tends to scale with 1/SLA, and is indicator of structural investment in leaf tissue that can increase drought resistance
We expect more drought-tolerant species to have higher LDMC (Wright and Westoby 1999) , and LDMC to increase under drought
SLA is the ratio between the surface of a leaf that captures light per unit dry mass invested, varies extensively among and within species (Huxman et al. 2008 , Messier et al. 2010 , Dwyer et al. 2013 , and lower values often indicate increased leaf robustness
We expect more drought-tolerant species to have lower SLA, and drought stress to induce SLA decreases
Maximum photosynthetic rates, or the net CO 2 assimilation rate. Higher assimilation values generally correspond with larger growth rates Species from arid environments often display more conservative stomatal strategies and lower photosynthetic rates but greater water-use efficiency than plants from wetter environments (Gordon and Solbrig 1977, Cowan 1982) . We expect that drought-tolerant seedlings will have low g s , high WUE i
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Global Climate Data (Hijmans et al. 2005) and Gobal Aridity and PET Database (Zomer et al. 2008) . Species with relatively high CMD should frequently experience and tolerate harsher climates (xeric species) than those with low CMD (mesic species). The distributions of the four studied Brachychiton species cover a considerable amount of climate space (Figure 3 ), as demonstrated by the distribution of species across mean CMD.
Drought experiments
We tested both constitutive and plastic drought resistance mechanisms in seedlings of the four Brachychiton species in a greenhouse experiment conducted at the University of Queensland, Australia. We germinated seeds sourced from local nurseries and planted seedlings in 100 × 100 mm plastic pots (one seedling per pot), with a soil mix formulated for Australian native plants (Mix UQ23-30% coco peat, 70% composted pine bark). Seedlings were deemed established when they had successfully produced at least one pair of true leaves (Chippendale 1973) . Once a sufficient number of seedlings from all species were established (8 weeks after sowing), we initiated the drought experiment. At the start of the experiment, we randomly assigned seedlings to either the drought or control treatment. In order to avoid confounding plant size (by species) with water stress, we determined species-specific water dosages based on gravimetrically Tree Physiology Volume 38, 2018 measured daily transpiration rates (Li 2000) . A soil moisture probe was used to measure the volume of water-loss when it was too small to be accurately detected by weight. More details on calculations used to determine watering levels using both gravimetrical measurements and soil moisture probes are provided in Appendix 1. Seedlings in drought treatments received half of their transpiration requirements every second day, amounting to a quarter of their full requirements for the duration of the experiment. Seedlings in control treatments received their full transpiration requirements at similar intervals until the conclusion of the experiment (72 days from start of treatments). Depending on germination success, each treatment was applied to 6-12 individuals of each species (except for B. discolor control, which only had four individuals due to mid-experiment mortality, see Appendix 2).
Measuring constituent and plastic drought adaptations
We measured nine functional traits that are commonly associated with drought resistance (Gordon and Solbrig 1977 , Cornelissen et al. 2003 , Caruso et al. 2006 ), above-ground to below-ground allocation, root-specific leaf area (RSLA), leaf area to sapwood area ratio (A leaf :A sapwood ) and relative water content of the stems (RWC) ( Table 1) . For a subset of five plants per species per treatment (four plants for control of B. discolor), we measured leaf gas exchange traits (g s , A and WUE i ) using a LI-COR Biosciences, Inc., Lincoln, NE, USA 6400XT Portable Photosynthesis System on Day 72 of the experiment between 11:00 and 14:00 h. Constant CO 2 (400 μmol mol ) values were used alongside ambient humidity (65-75%) and temperature (25.8-26.3°C) for all plant measurements. In instances where leaf size did not cover the whole cuvette, sampled leaf area was quantified by tracing the leaf and using ImageJ to calculate the area of the outline, and a leaf area correction applied to the gas exchange measurements. We calculated each seedling's total assimilation rate (totA) by multiplying its per-leaf area assimilation rate by its total leaf area. Whole-plant assimilation estimates based on single leaf gas exchange measurements assume negligible selfshading and age-related differences in leaf photosynthetic capacity, both of which are likely reasonable assumptions for these young seedlings (6.5 ± 3.3 cm mean height ±SD, Appendix 2). After LI-COR measurements were taken, all plants were harvested. They were then rehydrated for 24 h using the partial rehydration method (Vaieretti et al. 2007) , after which leaf areas were measured using a LI-COR Biosciences, Inc., Lincoln, NE, USA 3100 C Area Meter and wet weights of leaves, stems and roots were recorded. Sapwood area was calculated based on the plant basal diameter above the root collar, as stems were not fully suberized at the time of harvest. Roots were washed and prepared by running water over a fine mesh sieve to remove heavier soil particles. Roots were then left to soak in a water filled container for 10 min, after which forceps were used to remove soil particles more firmly attached to the roots. Soil removal methods were ceased if any fine roots became damaged. To measure dry biomass, all plant parts were placed in a drying oven at 60°C for 72 h and then leaves, roots and stems were weighed separately.
Analyses
We used linear mixed effects models to test: (i) whether species' traits are related to the mean CMD that each species experiences (G effects), (ii) if species traits are significantly impacted by the drought treatment (E effects) and (iii) if trait plasticity was a function of species CMD (G × E effects). By acknowledging the nested structure of the data (multiple seedlings per species), mixed effects models leverage all available data while avoiding pseudo-replication. Specifically, we fit linear mixed effects models relating trait values to treatment (control vs drought) and species CMD (continuous) and a treatment × CMD interaction, with a random CMD slope effect per species. For all analyses, the control treatment was set as the model intercept and species CMD values were covariate-centered (to decrease the correlation between slope and intercept terms and make the intercept interpretable). Because all replicates within a species had identical CMD values, the random slope term allowed us to compare species mean trait values as a function of species CMD using appropriately adjusted degrees of freedom for assessing statistical significance without losing statistical power by averaging species trait values prior to analysis. Model residuals were visually checked for normality, and some trait values were either square-root transformed (A, g s , totA) or log transformed (A leaf :A sapwood , WUE i ) to increase normality (trend lines plotted in figures are from untransformed models, but all reported P-values are from models with transformed trait data). Thus, a significant CMD main effect represents a consistent trait difference based on species identity (G effect), while a significant Treatment effect represents a consistent trait increase or decrease in response to drought across species (E effect), and a significant CMD × Treatment interaction indicates a significant difference between the trait plasticity in mesic vs xeric species (G × E effect). Specific pairwise post-hoc comparisons were made using the conservative Tukey Honest Significant Difference test. All analyses were performed in the R statistical environment (version 3.2.4, R Development Core Team 2016), and linear mixed effects models were fit using the lme4 (version 1.1-11, Bates et al. 2015 ) R package. All reported mixed effects P-values are t-tests using the Satterthwaite approximation of degrees of freedom implemented in the lmerTest (version 2.0-30, Kuznetsova et al. 2016 ) R package.
Results
Morphological traits
In well-watered conditions, biomass allocation between various plant organs generally reflected expected drought-tolerance Tree Physiology Online at http://www.treephys.oxfordjournals.org based on species CMD, with the more xeric species showing greater investment in below-ground biomass and transport tissues per unit leaf area or leaf dry mass ( Figure 4 , Table 2 ). Above-ground to below-ground biomass ratio generally decreased in the drier species ( Figure 4a , CMD P = 0.004, Table 2 ), as did RSLA, though this trend was only marginally significant for RSLA (Figure 4b , P = 0.063, Table 2 ). A leaf :A sapwood also tended to decrease with increasing species mean aridity Table 2 . Linear mixed effects model coefficients ('coeff') and P-values relating trait values or transformed trait values to species mean Climate Moisture Deficit (CMD = annual PET -annual precipitation), Treatment and a CMD × Treatment interaction. Intercept coefficients represent the mean trait (or mean transformed trait) value of the control treatment, and CMD coefficients represent the slope of control treatment trait values with species mean CMD-the genetic component of the G × E framework. The Treatment coefficient represents the trait difference between the control and drought treatments-the environmental component of the G × E framework, and the CMD × Treatment interaction represents the CMD slope difference between the control and drought treatments-the genetic × environmental interaction of the G × E framework. Note that coefficients for transformed traits are in transformed trait space. Bold type indicates significant findings (P < 0.05) ( Figure 4c , CMD P = 0.055, Table 2 ). Relative water content of the stems (RWC) tended to be slightly higher in xeric species ( Figure 4d , CMD P = 0.055, Table 2 ). These allocation and morphological traits were variably plastic under drought conditions. Above-ground to below-ground biomass decreased in wet species but increased in xeric species (Figure 4a , Treatment × CMD interaction P = 0.002, Table 2 ). Meanwhile, RSLA showed a consistent increase under drought conditions (Figure 4b , Treatment effect P = 0.005, Table 2 ), largely driven by RSLA increases in the mesic species B. acerifolius (Tukey HSD P = 0.022) and xeric species B. rupestris (Tukey HSD P = 0.039). Finally, A leaf :A sapwood showed no plasticity under drought (Figure 4c , Treatment effect P = 0.295, Table 2 ), but stem RWC showed plasticity during drought, with RWC decreasing in mesic species but remaining relatively stable in xeric species (Figure 4d , Treatment × CMD interaction P = 0.001, Table 2 ). Leaf morphology showed no consistent trends with species mean CMD, and all observed plasticity was in the opposite direction of the hypothesized response ( Figure 5 ). Leaf dry matter content in the control treatment varied considerably across species but did not increase with species CMD as expected ( Figure 5a , CMD P = 0.9, Table 2), and LDMC decreased significantly in drought treated seedlings (Figure 5a, Treatment P < 0.001, Table 2), though this decrease was only statistically significant for the most mesic species (B. acerifolius Tukey HSD P < 0.001). The SLA of control seedlings also showed no relationship with species CMD (Figure 5b , CMD P = 0.34, Table 2 ), and SLA increased significantly with drought ( Figure 5b , Treatment P < 0.001, Table 2 ), particularly for the most mesic (B. acerifolius, Tukey HSD P < 0.001) and most xeric species (B. rupestris, Tukey HSD P < 0.001).
Leaf physiology
Contrary to our expectations, the two xeric species showed both the highest assimilation (A) and stomatal conductance (g s ) rates and lowest water-use efficiency (WUE i ) in control conditions ( Figure 5 ). Control assimilation per unit leaf area (mmol CO 2 m −2 s −1
) increased significantly with species mean moisture deficit ( Figure 6a , CMD P < 0.0001, Table 2), as did control stomatal conductance ( Figure 6b , CMD P = 0.007, Table 2 ). As a result, control WUE i actually showed a negative, but nonsignificant relationship with species mean CMD ( Figure 6c , CMD P = 0.11, Table 2 ).
Assimilation was reduced during drought in all four species (Figure 6a, Treatment P < 0.0001, Table 2 ). Stomatal conductance was also significantly curtailed by drought, though to a much greater extent in the xeric species (B. populneus and B. rupestris) than the mesic species (Figure 6b, Treatment P < 0.001, treatment × CMD interaction P < 0.0001, Table 2 ). For xeric species, however, assimilation in the drought treatment decreased proportionally less than did g s , resulting in high drought treatment WUE i s. Because wet species showed very little plasticity in WUE i (Tukey HSD: B. acerifolius P = 0.99; B. discolor P = 0.99) while dry species showed large WUE i plasticity (Tukey HSD: B. populneus P = 0.06; B. rupestris P = 0.006), the relationship between WUE i and CMD (i.e., drier species showing lower WUE i ) became positive in the drought treatment (Figure 6c , Treatment × CMD interaction P = 0.0004, Table 2 ). In the control treatment, the greater per-leaf area photosynthetic rates of the xeric species balanced their smaller leaf area (and smaller size in general; see Table S1 available as Supplementary Data at Tree Physiology Online) compared with species from mesic regions ( Figure 6d , CMD P = 0.23, Table 2 ). In drought treatments, the combination of morphology and differential plasticity in WUE i resulted in a positive relationship between perplant assimilation and species CMD (Figure 6d , Treatment × CMD interaction P = 0.0003, Table 2 ).
Discussion
Tree drought resistance strategies are known to be complex, reflected in multiple correlated traits that may be constitutive Tree Physiology Online at http://www.treephys.oxfordjournals.org (always present, under genetic control) or plastic (induced by drought, under environmental control). In this study, we measured a suite of traits hypothesized to mediate drought resistance strategies under both control and drought conditions. Although our results indicate that some traits were predictably correlated with species' putative drought resistance (as measured by distribution in CMD space), many were not. These complex relationships illustrate that assuming that individual traits (often measured on individuals under a single set of environmental conditions) reflect drought resistance is likely to be overly simplistic and may be erroneous for many species. However, our results do suggest that generalization may be possible, provided multiple traits are measured to explore specific integrated drought strategies. We discuss these findings in more detail below.
Biomass allocation (mostly) reflects drought resistance
Even in the absence of drought stress, biomass allocation between various plant organs (leaf, shoot and root) among species matched expectations based on their respective realized climatic niches, consistent with strong genetic (G) control (Figure 3) . Regardless of treatment, seedlings of B. rupestris and B. populneus, the two species associated with the most arid climates in this study, invested relatively more in root growth (below-ground biomass) than their more mesic congeners (Figure 4a ), a strategy thought to maximize water acquisition and delay drought stress. The two xeric species also maintained leaf areas that were relatively small given their sapwood area and root biomass (Figure 4a and b) , continuing to invest more in hydraulic support whilst minimizing transpiration water loss under benign conditions. Unsurprisingly, seedlings of the mesic species B. acerifolius and B. discolor invested relatively little in below-ground biomass and showed less conservative RSLA and leaf area to sapwood area ratios.
Biomass allocation patterns during drought generally followed expected relationships with species mean CMD, though the amount and direction of plasticity were not entirely consistent with expectations. For example, during drought the two mesic species invested proportionately more in below-ground biomass (roots) than above-ground biomass (stems and leaves) (Figure 4a) , which supports the Functional Equilibrium Hypothesis -plants tend to maximize their surface area for the intake of the most limiting resource, in this case, water (Brouwer 1963, Markesteijn and Poorter 2009 ). However, the xeric species B. populneus and B. rupestris invested proportionately less in below-ground biomass under drought stress, counter to this hypothesis. In addition, RSLA values suggest that in drought conditions all but B. discolor tended to decrease or maintain root growth relative to leaf area, though the relationship between drought RSLA and CMD still shows roughly the expected pattern between species (Figure 4b) . Because decreased stem RWC typically represents detrimental or negative plasticity (i.e., tissue desiccation), the strong RWC treatment × CMD effect documented here is consistent with adaptive plasticity, with the xeric species maintaining tissue hydration during drought. In pachycaul adult trees, stem capacitance from high RWC tissue is typically used to facilitate rapid post-drought recovery and leaf flush (Wickens and Lowe 2008) , and our results are consistent with xeric Brachychiton seedlings maintaining stem capacitance even during drought.
The contrasting plastic responses of mesic vs xeric species in response to drought (mesic species increase relative investment in roots as expected from the Optimal Partitioning Theory hypothesis, Figure 3a , Table 1 ; while xeric species decrease relative investment in roots, Figure 3a ) may be a result of the length and type of droughts to which these species are adapted. The mesic species may be adapted to shorter periods of drought stress and therefore adopt a relatively 'acquisitive' response to drought stress, investing more in roots when soil moisture is low. Meanwhile, the xeric species may be adapted to unpredictable and often extended drought periods that instead favor a relative 'conservative' response to drought that focuses investment on stem water storage tissues, which are robust in this group of species. Brachychiton rupestris, more commonly known as the Queensland bottle tree, for example, develops a bulbous trunk thought to function primarily for water storage during extended drought periods in its natural habitat (Figure 2d ). The decrease in relative root investment in the xeric species may indicate that the drought avoidant strategy of pachycaul adult trees is also employed at the seedling stage. Indeed, plants that can store water may have an incentive to reduce root investment during drought in order to limit contact with very dry soil, thereby facilitating hydraulic disconnection at the root-soil interface to avoid losing water stores to hydraulic redistribution (Cuneo et al. 2016) . In our study, seedlings of this species featured markedly thicker main stems above the root collar under drought conditions (personal observation), which may be a water conservation strategy triggered by drought stress, and could partially explain why drought drove increases in above-ground biomass for this species. Likewise, the pachycaul species B. populneus and B. rupestris also displayed higher RWC throughout the drought experiment (Figure 4d ), indicating that even in the seedling stages of growth the stems could be used for water storage. Furthermore, the increase in above-ground biomass was not due to a greater number of leaves (data not shown) or greater leaf structural integrity, as we found constant (B. populneus) or significantly higher (B. rupestris) SLA under drought conditions (discussed below).
Seedlings of all focal species appeared to have limited capacity to modify their leaf area to sapwood area ratios in response to drought, at least over the experimental timeframe (Figure 4c ). This may suggest relatively fixed A leaf :A sapwood in our focal species and perhaps other closely related taxa, potentially making it a useful single-trait index of drought resistance. However, either plastic or ecotypic variation in A leaf :A sapwood has been documented within multiple species across aridity gradients, particularly in conifers (Maherali and DeLucia 2000 , Mencuccini and Bonosi 2001 , Martinez-Vilalta et al. 2009 , suggesting that this trait may be plastic in other taxonomic groups. Alternatively, some drought traits require relatively long response times (Barbeta and Peñuelas 2016) , and drought treatments in this study may have been too brief for traits such as A leaf :A sapwood to develop significantly before the end of the experiment at 72 days. Drought responses vary in their representative response times by multiple orders of magnitude, from the closing of stomata on the scale of minutes, to osmotic and photochemical adjustments on the order of weeks, to adjustments to plant allometry that may require years of growth to become obvious (Hsiao 1973 , Levitt 1980b . A leaf :A sapwood in particular may require longer time periods to manifest plastic changes because, in the absence of leaf shedding (which we did not witness in the experiment), it can only be accomplished through differential growth and both leaf expansion and radial growth are some of the first processes curtailed during stress (Körner 2003 (Körner , 2015 . The lack of plasticity in A leaf :A sapwood , but evidence of some plasticity in SLvR and RSLA, could suggest that root turnover is faster than leaf turnover in these species or that below-ground growth is more sensitive to drought stress than above-ground growth.
Leaf morphology is a poor predictor of drought tolerance
The two leaf morphological measurements used in this study, SLA and LDMC, are sometimes employed as predictors of drought resistance in plant community ecology, partly because they are very easy to measure. Under drought conditions or in more drought-resistant species, SLA is expected to be lower whilst LDMC is expected to be higher. However, in this study neither of these traits correlated with CMD, largely due to unexpected responses by the mesic species B. acerifolius ( Figure 5 ). Unlike the seedlings of B. discolor, which expressed trait values expected of drought-intolerant mesic species, seedlings of B. acerifolius had low SLA and extremely high LDMC. Furthermore, in response to drought, species tend to reduce LDMC and increase SLA, responses not typically associated with increased drought resistance. Similar, seemingly counter-adaptive responses, have been noted in Northern Hemisphere birch species (Betula pendula (Aspelmeier and Leuschner 2006) ; Betula papyrifera (Wang et al. 1998) ) and have been interpreted as compensation for reduced carbon assimilation under stress. These findings suggest that on their own, SLA or LDMC are unreliable predictors of drought resistance in some plants groups. Nevertheless, we acknowledge that this study examines leaf traits in seedlings only, and adult traits and responses may differ considerably (Evans 1972, Wright and McConnaughay 2002) . For example, leaf water potential at turgor loss point of saplings was only moderately related to leaf turgor loss point of adult trees in five tropical trees
Tree Physiology Online at http://www.treephys.oxfordjournals.org (Maréchaux et al. 2016) . Indeed, all traits measured in this experiment may show ontogenetic shifts. We found evidence for early manifestation of pachycaul traits in the xeric Brachychiton seedlings, suggesting that seedling drought resistance strategies may be similar to adult strategies in these species, but more work is needed to link all drought resistance strategies across life stages.
Drought reveals unexpected patterns of leaf gas exchange
In our four study species, patterns of leaf gas exchange defied expectations in well-watered conditions, but expected WUE i patterns emerged under drought stress. For example, we found that seedlings of the xeric species B. rupestris and B. populneus had higher rates of midday stomatal conductance and assimilation per leaf than their mesic congeners in the control treatment, resulting in similar control WUE i in the xeric species (Figure 6c) . However, xeric focal species were then able to drastically increase water-use efficiency in response to drought. While maintaining consistently high water-use efficiency may be prudent in climates with consistently low rainfall, plasticity in stomatal conductance that maintains large potential maximum g s rates may be more advantageous in regions that experience highly seasonal rainfall (Tuomela and Kanninen 1995) . This may be the strategy adopted by B. rupestris and B. populneus, as the limited rainfall in the semi-arid regions of Eastern Australia tends to be concentrated in the autumn months and has large interannual variability (BOM 2015) . Our results indicate that seedlings of these two xeric Brachychiton species have evolved an opportunistic photosynthetic strategy, where high photosynthetic rates per unit leaf area and high investment in root and stem tissue even in well-watered conditions are achieved through profligate water use during rare periods of water availability, in order to establish a root system and stem storage tissues necessary to survive long periods of water stress.
We also found that leaf physiology and allocation interacted, with across-species carbon assimilation patterns differing on a per-plant or per-leaf area basis. For example, our two xeric species had higher leaf-level maximum photosynthetic rates under both drought and benign conditions compared with mesic species, contradicting our initial hypothesis. However, the larger total leaf areas of the mesic species resulted in similar or slightly greater whole-plant carbon assimilation compared with the xeric species in the control treatment. Under drought stress, the mesic species then curtailed assimilation to the point where xeric species were fixing more carbon on both a per-plant and per-leaf area basis (Figure 6d ). These estimates of whole-plant assimilation integrate leaf photochemical potential, plant size and allocation traits. It is worth noting that seed size was larger in mesic than xeric species (ranging from~0.28 g in B. acerifolius tõ 0.06 g in B. rupestris, Appendix 2). This greater seed mass may have partly driven the larger end-of-experiment seedling size in mesic species. However, because all seedlings were the same age, per-plant measures remain ecologically relevant.
Individually, many traits did not follow our hypotheses for either their constitutive values and/or plastic responses in the four study species. However, the combination of conservative constitutive allocation traits, high tissue water content, and high rates of well-watered gas exchange but adaptively plastic WUE i in xeric Brachychiton species reveal a portfolio mixing opportunism, drought avoidance and drought tolerance. The conservative allocation to roots and stems over leaves and consistently high stem water content in seedlings of B. populneus and B. rupestris are indicative of a drought avoidant strategy very much in line with adult pachycauls. Meanwhile, the surprisingly high photosynthetic rates and low WUE i of xeric seedlings directly contradicted expectations, but suggest an opportunistic strategy designed to maximize carbon gain during rare and unpredictable periods of water availability. Finally, the high WUE i plasticity during drought that scaled up to higher per-plant drought assimilation in xeric than mesic species suggests an added element of drought tolerance, consistent with expectations but only detectible under drought conditions due to the important plastic drought responses.
Conclusions
We found that even closely related species in this study exhibited diverse combinations of drought tolerance traits. A few constituent allocation traits (A leaf :A sapwood , SLvR, RSLA) in four Brachychiton seedlings offer a fairly accurate prediction of species natural hydrological niches. Notably, however, leaf traits commonly used as proxies for drought tolerance, SLA and LDMC, performed poorly in this regard, and WUE i measured in the control treatment showed the opposite of the predicted trend based on species hydrological niches. These findings highlight the need to consider multiple traits when assessing drought resistance. While it is widely appreciated that adaptations for drought tolerance vary between species of distinct climatic regions, this study highlights the potential complexity of drought resistance strategies that can involve both constitutive drought tolerance traits and considerable trait plasticity dependent on prevailing water availability. Seemingly counterintutive leaf morphology and gas exchange traits in these Brachychiton species in well-watered conditions highlight the need to consider not only multiple traits and trait responses to drought, but also the ecology of the species of interest.
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